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TWO TIER BRAZING FOR JOINING 
COPPER TUBES TO MANIFOLDS 

FIELD OF THE INVENTION 

The invention relates in general to joining copper or 
copper alloy tubes to metallic tubes such as manifolds, and 
more speci?cally to a tWo step brazing method for joining 
such tubes and manifolds. 

BACKGROUND OF THE INVENTION 

The conventional method of furnace braZing copper tubes 
directly to metal manifolds in a vacuum braZe fumace has 
long presented problems With respect to alloying and ero 
sion. Since vacuum braZe fumaces do not alloW for any 
signi?cant observation of the braZe joint during heating and 
additionally must cool a signi?cant mass of tooling and 
equipment from the braZing temperature, the braZe cycle 
cannot be terminated the moment the braZe melts and ?lls 
the joint. Therefore to account for variables such as the 
measurement uncertainty of the thermocouples used mea 
sure the temperature of the part, and the variability of the 
amount of time and superheat required to ?ll the braZe joints, 
the degree of alloying Will alWays be expected to be higher 
than that involved in focused heating source methods. 

These conditions very often lead to the interaction of 
copper alloy tubes With braZe ?ller resulting in changes the 
microstructure of the copper, Which generally reduces its 
strength, ductility and thermal conductivity. 
The equation describing the rate at Which a braZing ?ller 

metal can dissolve and remove a base metal is governed by 
the Well-known ahrrenius-type equation: 

Rate of Dissolution:Kl-exp [—Q/k2T] 

The equation above identi?es the three variables in?u 
encing base metal dissolution and related phenomenon (al 
loying and erosion). Activation energy (represented by Q) is 
a function of the material combination present (braZing ?ller 
metal and base metal combination). K1 and k2 are constants 
determined by the materials present. 

The second variable in?uencing the rate of dissolution of 
the copper alloy tubing by the braZing ?ller metal is tem 
perature or superheat (represented by T). Superheat is con 
trolled by the joining process heat source. As shoWn by the 
equation, the rate of base metal dissolution by a braZe ?ller 
increase exponentially With the superheat. Therefore an 
ideal braZing process for joining copper tubes to metal 
manifolds is one Which minimiZes the superheat required to 
draW the braZing ?ller metal into the braZe joint by capillary 
action. 

In the case of induction or radiant heating methods, the 
braZe ?ller can be observed directly as it melts and ?oWs into 
the joint. This alloWs the braZe cycle (and continued heating 
With attendant increases in superheat) to be terminated the 
moment a sound braZe joint has been achieved. By contrast, 
furnace braZing as stated above, requires the tubes to be 
directly braZed to the manifolds in a vacuum braZe furnace 
Which does not alloW for visual monitoring of the braZe joint 
during heating, the braZe cycle (and thus continued heating) 
cannot therefore be terminated the moment the braZe metals 
and ?lls the joint. These conditions therefore usually result 
in a greater amount of superheat than that involved in 
focused heating source methods. 
A third variable that is implied but not mentioned by the 

equation is time. For a given rate of dissolution, the extent 
of dissolution is impacted by the product of the rate and the 
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2 
time. Therefore an ideal braZing process for the application 
under consideration by the present invention is one Which 
minimiZes the time the braZe ?ller is molten. Focused 
heating sources satisfy this rapid quenching of the braZe 
joint from the braZing temperature simply by shutting off the 
heat source. The induction braZe cycle typically lasts less 
than about tWo minutes. In contrast, the alternate furnace 
braZe cycle lasts approximately 250 minutes. This over tWo 
orders of magnitude difference in the overall braZe cycle 
reduces the amount of time the copper alloy tubes are 
exposed to molten braZe ?ller and dramatically reduces the 
amount of superheat exposure. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide 
a braZing method Which overcomes the problems of the 
conventional methods described above. 

It is a further object of the present invention to provide an 
improved method for joining copper tubes to manifolds. 

It is another object of the present invention to provide a 
tWo step braZing process Which alloWs copper tubes to be 
ef?ciently joined to a metal manifold. 

It is another object of the present invention to provide a 
copper tube ferrule assembly Which facilitates joining cop 
per tubes to metal tubes such as manifolds. 

It is yet another object of the present invention to provide 
an improved method of braZing copper tube-ferrule assem 
bly to a metal manifold. 
The invention is directed to a method for metallurgically 

joining copper or copper alloy tubing to metallic manifolds 
for combustion chamber applications. This objective is 
accomplished through a three step process. 

Copper or copper alloy tubes are coated or plated With a 
noble metal. The plated copper alloy tubing is then braZed to 
a metal ferrule to form a copper alloy tube-ferrule assembly. 
The copper alloy ferrule assembly is then braZed into a 
?tting or metallic tube such as a manifold. Depending on the 
chemistry of the braZing ?ller metal ferrule and manifold 
materials, braZing atmosphere quality, and braZing tempera 
ture, plating of the faying surfaces may or may not be 
required to facilitate Wetting of the ferrule or manifold 
material by the braZe ?ller selected. 
The concept of using a tWo tiered braZing sequence to join 

the copper alloy tubes to metallic manifolds, With the ?rst 
tier being a braZing process involving a focused heat source 
is an improvement over conventional techniques described 
above Which are susceptible to the harmful effects of alloy 
ing and erosion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a further understanding of these and objects of the 
invention, reference Will be made to the folloWing detailed 
description of the invention Which is to be read in connection 
With the accompanying draWing, Where: 

FIG. 1 is a side sectional vieW of a copper or copper alloy 
tube having a layer of a noble metal on one end thereof. 

FIG. 2 is a side sectional vieW of a ferrule having a layer 
of a noble metal on one end thereof. 

FIG. 3 is a side sectional vieW of the ferrule of FIG. 2 in 
engagement With the end of the copper tube of FIG. 1 for 
braZing to form a copper tube-ferrule assembly. 

FIG. 4 is a side sectional vieW of the braZed assembly of 
FIG. 3 in position for attachment by braZing to a metal 
manifold. 
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FIG. 5 is a side sectional vieW of a copper or copper alloy 
tube having a layer of a noble metal on its outer surface. 

FIG. 6 is a side sectional vieW of the tube of FIG. 6 brazed 
to a metal manifold. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The process of the present invention provides signi?cant 
improvement over the conventional technique described in 
FIGS. 5 and 6 of the draWings. Conventional methods 
involve providing a copper or copper alloy tube 10 and 
plating or coating the entire length of the tube With the noble 
metal 12. The coated or plated copper tube is then braZed 
directly to a manifold 40 as illustrated in FIG. 6. Typical 
problems associated With this technique occur Where the 
plating over the entire surface of the copper tube is not 
uniform. When this occurs, a high risk of failure results due 
to imperfections in the plating or coating surface resulting in 
the braZing material alloying With the copper tube and 
deleteriously effecting the mechanical and physical proper 
ties of the copper tubes. Through the use of the present 
invention, the ferrule part of the copper tube-ferrule assem 
bly can be braZed effectively to a compatible alloy or metal 
of the manifold, and therefore avoid the problems associated 
With coating the entire length of the copper tube With a noble 
metal. 

FIGS. 1-4 illustrate one possible embodiment of the 
process of the present invention. In FIG. 1 a copper or 
copper alloy tube 10 is coated or plated With a high melting 
temperature metal 12 Which is su?iciently noble to alloW for 
the reduction or disassociation of its oxide in an inert 
atmosphere at temperatures required for braZing. Suitable 
materials include nickel, palladium, platinum, iridium, 
cobalt and osmium. Tube 10 may be substantially pure 
copper or a copper alloy. Suitable copper alloys Which may 
be used typically contain aluminum in a concentration of 
about 0.2% by Weight. In a preferred embodiment, the outer 
coating may comprise an electroplated layer of nickel 
approximately 10% of the Wall thickness of the copper or 
copper alloy tube. 
A metal ferrule or cap 14 as illustrated in FIG. 2 is 

provided, and in one embodiment has a layer of a noble 
metal 12 coated or plated over a portion of its upper surface. 
The metal ferrule must be suitable for braZing and attach 
ment to a metal manifold and may be made from austenitic 
stainless steel, monel or a cobalt alloy having a thermal 
expansion Which is compatible With the tube and manifold. 
The ferrule 14 is adapted for ?tting contact and placement 
over the plated end of the copper tube as illustrated in FIG. 
3 to form a copper tube-ferrule assembly 20. In a ?rst tier of 
the process, braZing perform 18 is positioned as shoWn in 
FIG. 3 for forming a braZed joint betWeen the ferrule and 
copper tube in the braZed contact area as illustrated by the 
brackets in FIG. 3. Suitable braZe ?ller systems Which may 
be used in the present invention include silver, copper, gold 
and nickel base systems. 

Speci?c systems Which may be used include the folloW 
mg: 

Cu4GeiNi AuiAg4Cu 
Au4CuiNi Ag 
Au4Cu Ag4CuiPd 
Ag4Cu 
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4 
A suitable system for the ?rst tier braZing includes 80% 

Au-20% Cu. 
The folloWing braZing parameters have been found to be 

suitable for use in the present invention: 
1“ tier braZe process: induction braZe at 1670 to 1900 F. 

for 5 to 90 seconds using 200 kHZ and single turn Water 
cooled induction coil; braZing performed under posi 
tive pressure of argon With deW point of —35 F. or 
better. 

The ferrule alloy must be selected to have a thermal 
expansion that is compatible With that of the copper or 
copper alloy being used for the tube. In the present invention 
the heating method used for ?rst tier braZing must be 
selected to alloW the thermal gradients Within the part to be 
engineered to provide repeatable melting and How of the 
braZed ?ller into the braZed joint or area. It has been found 
that a localiZed heat source is preferred to accomplish this 
objective. Suitable localiZed heat sources include induction 
coils and electromagnetic radiation sources. The copper tube 
and ferrule as shoWn in FIG. 3 are braZed With the heat 
source to form a copper alloy-ferrule assembly. In a second 
tier of the process, a plurality of assemblies are then braZed 
into a metallic manifold 30 as illustrated in FIG. 4 using 
braZed perform 32, preferably in an isothermal braZe envi 
ronment such as a vacuum fumace. For second tier braZing 
a 60% Ag, 30% Cu, 10% Pd system has been found to be 
suitable, With a furnace braZe at 1585 to 1615 F. for 15 to 45 
minutes; braZing performed under an inert gas (helium or 
argon). Depending upon the chemistry of the ferrule and the 
manifold materials, the braZing atmosphere quality, and 
braZing temperature, plating of the faying surfaces may or 
may not be required to facilitate Wetting of the ferrule and 
manifold material by the braZe ?ller selected. 
The process of the present inventions alloWs for the 

effective joining of copper and copper alloy tubes to a 
manifold to obtain the advantages of the thermal conduc 
tivity of copper While effectively and e?iciently joining the 
copper tubes to a high temperature alloy manifold through 
the copper alloy-ferrule assembly of the present invention. 
One possible use of such tube-ferrule-manifold assembly is 
in a combustion chamber of a rocket motor. 

While the present invention has been particularly shoWn 
and described With reference to the preferred mode as 
illustrated in the draWing, it Will be understood by one 
skilled in the art that various changes in detail may be 
effected therein Without departing from the spirit and scope 
of the invention as de?ned by the claims. 

I claim: 
1. A tWo tier braZing process for joining a tube to a ?tting 

to form a joint using a braZe alloy Which comprises: 
(a) forming a layer of a noble metal on at least one end of 

a copper or copper alloy tube; 
(b) braZing said end to a metal ferrule utiliZing a focused 

heat source for a limited time of about 5 to 90 seconds 
to ensure rapid quenching of the joint after the molten 
braZe alloy has ?lled the braZe joint cavity, resulting in 
the formation of a copper alloy-ferrule assembly; and 

(c) furnace braZing said assembly to a metal ?tting. 
2. The process of claim 1 in Which the metal ferrule 

contains a layer of a high melting temperature noble metal 
on at least a portion of its outer surface. 

3. The process of claim 1 in Which the noble metal layer 
is selected from the group consisting of nickel, palladium, 
platinum, iridium, cobalt and osmium. 

4. The process of claim 1 in Which the ferrule is made of 
a metal alloy selected from the group consisting of austenitic 
stainless steel, monel and alloys of cobalt. 
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5. The process of claim 1 in Which the focused heat source 
is an induction coil. 

6. The process of claim 1 in Which the focused heat source 
uses electromagnetic radiation. 

7. The process of claim 1 Which includes a brazing ?ller 
system of at least one of the group consisting of silver, 
copper, gold, nickel and mixtures and alloys thereof. 

8. The process of claim 1 in Which the furnace brazing is 
carried out in a vacuum furnace. 

9. The process of claim 1 in Which the furnace brazing is 
carried out in a retort fumace. 

10. A tWo tier brazing process Which forms a joint using 
a braze alloy in joining copper alloy tubes to a manifold 
Which comprises: 

(a) plating a layer of a high melting temperature noble 
metal on at least one end of a copper alloy tube; 

(b) brazing said plated end to a metal ferrule utilizing a 
focused heat source for a limited time of about 5 to 90 
seconds to ensure rapid quenching of the joint after the 
molten braze alloy has ?lled the braze joint cavity, 
resulting in the formation of a copper alloy-ferrule 
assembly; and 

(c) fumace brazing said assembly into a metal manifold. 
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11. The process of claim 10 in Which the metal ferrule 

contains a layer of a high temperature noble metal on at least 
a portion of its outer surface. 

12. The process of claim 10 in Which the plated layer 
comprises nickel. 

13. A tWo tier brazing process Which forms a joint using 
a braze alloy in joining copper and copper alloy tubes to 
manifolds Which comprises: 

(a) forming a layer of nickel on at least one end of a 
copper or copper alloy tube; 

(b) brazing said plated end to a metal ferrule utilizing a 
focused heat source for a limited time of about 5 to 90 
seconds to ensure rapid quenching of the joint after the 
molten braze alloy has ?lled the braze joint cavity, 
resulting in the formation of a copper alloy-ferrule 
assembly, and Where said ferrule is made of a metal 
selected from the group consisting of austenitic stain 
less steel, monel and an alloy of cobalt; and 

(c) fumace brazing said assembly into a metal manifold. 
14. The process of claim 13 in Which the nickel layer is 

formed on said tube by electroplating. 

* * * * * 


